Abstract. The aim of this study was to investigate the thermal performance, water absorption and dimension stability against water of the green insulation boards. The results show that the thermal conductivity decreased with increasing fibre contents and reached its minimum value (0.0535 w/mk) for the 60/40 kenaf / PU weight %. Contrarily, thermal resistance increased with increasing fibres contents, up to its maximum value (0.09 k.m 2 /w) for the 60/40 kenaf / PU weight %. The minimum water absorption percentage and thickness swelling were recorded at a weight of 50% kenaf fibres. The effects of the alkaline treatment were significant enough to increase the thermal conductivity.
Introduction
Recently the term 'green products' has become common among researchers and in various industries. As a consequence, many studies have sought to characterize the performance of those bio-composite products in a wide range of industries. Furthermore, replacing synthetic fibres (i.e. glass fibres) with the natural fibres is a key area of research. In fact, natural fibres can be considered to be a natural composite because the natural fibres consist of cellulose fibrils immersed in a lignin matrix. The micro structure (hallow cellular structure) of the natural fibres gives them a unique ability to work as thermal and acoustical insulators [1] . The main sources of the natural fibres can be classified into the following three categories: vegetable, animal and mineral [2] .
Assessing the mechanical properties of these bio-composites is essential if the green products are to be successfully implemented in industrial or construction settings. As such, many studies have characterized the mechanical properties of different types of bio-composites manufactured from various natural fibres such as, Vakka, sisal, bamboo, banana, Phormium tenax leaf, and rice straw and sugar palm fibres [3] [4] [5] [6] [7] . In addition, several studies have sought to characterize the mechanical properties of kenaf bio-composites [3, 8, 9, 10] .
The thermal properties and rates of thermal degradation of bio-composites are important characteristics, especially the area of insulation. While there have been several attempts to investigate the thermal properties and the rates of thermal degradation of several types of biocomposites [11] [12] [13] [14] , in general, such studies are lacking. The purpose of this study was to investigate the thermal properties (i.e. thermal conductivity and thermal resistivity) of kenaf biocomposites. In addition, experiments were carried out to characterize the effects of water and the rates of water absorption for these green insulation boards. 
Development Method
Materials and kenaf preparation procedures. Raw Kenaf fibres were collected from a kenaf plantation that contained dirt, stalks, and other impurities. Several cleaning steps were applied to the raw kenaf fibres. The kenaf plants were fixed to a board and cleaned by hand using a hairbrush and comb. The combing process separated the kenaf fibres and gave them an individual shape. Afterwards, all the broken and damaged whiskers were pulled from the ply (Fig. 1) . Fig. 1 Kenaf ply after combing and cutting.
An alkalization treatment was applied to the kenaf plies using a 6% w\w concentration NaOH solution. The kenaf plies were immersed in the NaOH solution for 3 hours and then rinsed with water. The plies were then allowed to dry at room temperature for 24 hours. Polyurethane was supplied by the AKZO NOBEL Company. The hydrophilic nature of polyurethane makes this polymer attractive for use as a matrix. The hydrophilicity promotes adhesion between the kenaf fibres. Furthermore, the rigid foam made when this polymer solidifies provides the composite with good thermal resistance.
Sample preparation. The target density of the samples was 0.8 ± 0.03 gm/ccm. The mixing percentages used were 40%, 50%, and 60% of untreated kenaf to polyurethane by weight. Another sample with 60% treated kenaf was also fabricated. The samples were fabricated using the hot press method; the dried kenaf plies were fixed to the mould using fixing tape, and the fixed length of ply was 2 cm on each side of the mould plate. Each single layer of kenaf ply was measured by hand, laid out on the mould, and fixed on both ply tips. That processes was repeated for three kenaf layers. Between each of the three layers, as well as on the top and bottom of the stack, polyurethane was poured on crossed lines as shown in Fig. 2 . The resulting sample was fabricated from three layers of kenaf fibres and four layers of polyurethane, two between the kenaf layers and two on the outer surfaces. The final step was compaction by pressing the mould and using the hot press to obtain the final shape. The temperature used was 70° C, while the pressure was 50 bars. Under these conditions, the mould was preheated for 3 minutes followed by pressing for 20 minutes. Fig. 3 shows the final product after the hot press process.
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Experimental method
Thermal conductivity test procedures. The thermal conductivity (λ), and thermal resistance (R) were measured using a THA01 Thin Heater Apparatus. These measurements were performed according to the ASTM 1114-98 standard. The dimensions of all samples were 113 mm x 70 mm x 5 mm (length x width x thickness) and the test temperature was 28 °C.
Effects of water and the water absorption. Effect of water on the samples was assessed by measuring the amount water absorption. The water absorption test was carried out according to the D750-95 ASTM standard. Samples were immersed in distilled water for 24 hours, then the surfaces of the samples were dried using lab tissues, and the samples were weighed. Before the test was carried out, the samples were dried in an oven for 24 hours at 40°C and were weighed after the drying process. The percentage of water absorption (Wa) was calculated using Eq. (1) (1)
Where Wd and Wt are samples weights before and after immersing respectively. Using equation (2) the changes in dimensions and size (Za) were calculated.
Where: Zt: is samples dimension or size after immersing Zd: is samples dimension or size before immersing
Results and Discussion
Thermal conductivity and thermal resistance (R-value) results. Table 1 shows the thermal conductivity (λ) for all samples. The thermal conductivity decreased with increasing fibres contents. Polyurethane is a very effective insulating material, due to its foam structure. However, the Kenaf fibres were more capable of acting as insulators and as a barrier for the heat transfer through the composites. Increasing the amount of Kenaf fibres reduced the thermal conductivity due to the micro structure of the fibres. In addition, all natural fibres including Kenaf fibres contain several components (cellulous, hemicelluloses, and lignin) that bind to each other and give the fibres a specific microstructure that makes them similar to composite materials. It is the binding between these natural components that allows the Kenaf fibres to work as a heat barrier.
The thermal conductivity of the sodium hydroxide treated Kenaf fibre composite was 38.15% greater than the thermal conductivity of the untreated Kenaf fibre composite, for the same fibre content. The NaOH treatment removes practically all non-cellulose components except waxes. By the dissolving lignin some pores are formed on the fibre surface. This improves the contact area between the fibre and the matrix, which may have increased the thermal conductivity of the treated bio-composites. The R-value is considered to be one of the more important parameters of an insulator; the higher value of the thermal resistance, the better the insulation. Table 1 gives the values of the thermal resistance for the bio-composites studies.
The R-values increased with increasing Kenaf fibres content. Despite the fact that the polyurethane is a good insulator, the Kenaf fibres showed a better resistance to heat transfer through the composites. The R-values increased by 94 % when the Kenaf fibre content was increased from 40% to 50% of weight, in addition, the R-value was further increased by 12.77% when the Kenaf fibre content was increased from 50% to 60% of weight.
The alkaline treatment for the Kenaf fibres had a significant effect on the thermal resistance. The treatment decreased the thermal resistance of the bio-composites. As was mentioned before, the alkaline treatment is capable of removing lignin from the natural fibres. Thus, we hypothesize that removing of one of the Kenaf fibre components (lignin) led to the measured reduction in the ability of the Kenaf fibres to resist heat transfer.
In addition, the alkaline treatment removes impurities, such as dust, sand particles, and clay particles. The removal of these impurities may have also had a negative effect on the ability of the ply to resist heat transfer. Furthermore, the alkaline treatment breaks down some of the chemical chains during the removal of the lignin from the Kenaf fibres, leaving behind a number of free electrons in those broken chains. Water absorption and water effects on dimensions stability. The amounts of water absorbed by the kenaf-polyurethane composites are shown in Table 2 . The minimum amount of water was absorbed by the sample with 50% kenaf. This is likely due to the better adhesion between the fibres and the matrix, which was demonstrated by the flexural test. Moreover, in this sample, the kenaf fibres were wetted by the polyurethane in a better way than the other samples. The water absorption values increased slightly when the kenaf fibre contents increased from 40% to 60%. The removal of the lignin from the kenaf fibres as a result of the alkaline treatment had an effect on the water absorption. Although the alkaline treatment increased the adhesion between the kenaf fibre surface and the polyurethane, the removal of the lignin led to an increase in voids in the kenaf fibre microstructure, which enabled increased water absorption. Table 2 shows also the results for changes in thickness for all samples. Thickness swelling increased with increasing Kenaf fibre contents. The sample with 50% kenaf by weight had the least thickness swelling. This is likely due to the good adhesion between the fibres and the polyurethane matrix. As expected, the NaOH treatment decreased the thickness swelling. This is likely due to an improvement of the bonds between the fibres and the matrix that resulted from increasing the contact surface area. The results for overall volume change were similar to the results for thickness swelling. The volumes increased because of the water absorption action. The extent of this increase was greater for samples with higher Kenaf fibre contents. The 50% by weight sample had the smallest volume change. The NaOH treatment reduced the percentage of the volume enlargement.
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Conclusions
-Thermal conductivity decreased with increasing fibre content, while the thermal resistivity increased with increasing fibre content. -The sample with 50% kenaf fibres by weight had the smallest water absorption percentage, thickness swelling, and volume change. This is likely due to better adhesion between the fibres and the polyurethane matrix. -Thermal conductivity was increased by applying the alkaline treatment. Moreover, the alkaline treatment decreased the thermal resistance of the bio-composites. -The alkaline treatment increased the adhesion between the kenaf fibre surface and the polyurethane. However, the removal of the lignin, a result of this treatment, led to an increase in the voids in the kenaf fibre microstructure that facilitated increased water absorption.
